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By R. H.

Modelsof airplanesare

to obtainresultsfromwhich

thefullscaleairplanesare

now

the

Smith.

widelyused

performance

p?edicted.The

——

- ,._—
---- .

.—
.

inwindtunnels

andstabilityof

windtunnelmodel,

however,doesnothavecomplete.mec”hanicalsimilarityto the

fullscaleairplane.Partof thedissimilarityis dueto the

differencebetweenthestationarymodelin theartificialwind

streamof thetunnelandthemovingairplanein stillair,in
.- thattheformersystemcanbe broughtintoequilibriumby the

% applicationof forcesandmomentsexternalto themodelwind

systemwhilethelattersystemoannot. AS a consequence,the

windtunnelmodelmayhaveanyweightor centroidlocationcon-

sistentwiththecapacityof thewindtunnelbalancetobring

it intoequilibriumat thedesiredattitudesto thewind.

Thereforetheonlysimilarityrequiredbetweenthefullscale

airplaneandthemodelis geometriosimilarityor similarity

of externalform.
.

Further,departuresaremadefromexactgeometriosimil.i-

tudein thosemodelswhicharetobe testedinatmospherictun-

nels,forthepurposeof obtainingempiricallytheequivalent‘
w

of dynamicsimilitudeandthusof escapingtheexperimentaldif-
i8



ficu].tiesof sco.ieeffects.‘J’bileitmaybe shownthatexact

tiynamiosimilit-udeis olrkine~,andt’hatthedifficultiestLeo-

reticallydisappear,if themNicl “fliv is thesameas thatof

thefullscaleairplane,n~l.ingthep~edictionof fullflight

performancefrofitestson gcomezricaliysinilarmodelsscientif-

icallyexact,thepracticaldifficultiesof constructingsuch

. modelsandtestingthemat suchhighvaluesof T*l/Uaregreat.

Actually,predictionswhicharesufficientlypreciseforengi-

neeringpurposes,canbe madeon testsrunonmodels,geomet-

ricallysimilarto fullscale,at valuesof VZ/U muchbelow

thefullflightvalueandalw.ostwithint’hcupperlimitof the

largerandr.orspowerfulatmospherictunnelsn~w inuse. How-

Wer, forfurtherreductionsOF the Vt/1)7 of themodeltest~

predictionbecOLlesillcreasi~glytaddueto scaleeffectsuntil
k

at themoderatespesdsof thekrger tunnslsonlystalling

spesdsandstabilitycanbe safelypredictedfmm geometrically

similarmode~s.Fathert-banto strivetowa~dthehighervalues

of Vt/u forthepurposeof escapingscaleeffects,it ismuch

morepracticaland economicalforatmospherictunnelstousea

considerablylonervalueof VZ/v and to departfromgeoinetrio

similitudein sucha wayas to evadethesoaleeffectsof some

partsandto causethescaleeffectsof othersto be oanceled
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*
on simplifiednodelstestedat r,cdcratcairs~ccdsandat atmos-

phericpressure.Thesuccessfuland

fullsoaleairplaneperformancefrom

restsuponthefactthatthisc.anbe

economicalpredictionof

a+!iospl?erictunneltests

donefora widerangeof

typesandovera widerangeof VZ ratiosbetweenmodeltest

and fullflight.

Airplanencdelsfortestsinatno~~hericuindtunnelsare.

thereforemadewithtwoend-s.‘invim. The firstis toprovide

a modifiedmodel,whosenindWmel forcesandmomentsareprac-.

ticallyfreeof scaleeffects;thatis,whoseforcescanbe con-””

vertedtofullscaleaccordingto thesquaresof thelinearscale

andair speedandmonents‘accordingto thecubeof thelinear

scaleand
Y

is,since
: providea

thesquareof theairspeed. The secondendinview

exactgeometricsimilitudeis tobe departedfrom,to

modelas simpleas pc~ssi’bleforreasonsof accuracy

and econonyinbothtestingandconstructing.For thesetworea-

sonsoneomitsfromthemodelallminorpartsof thefullscale

airplane,suchas struts,wires,fittings,controlhornsand

otherparts,whosescalecorrectionsarelarge. The resistance

andmomentsof theseGmittedpartscanbe computedfromtests

madeon themseparatelyat approximatelyfullflight Vlfv and

added,sincethepresenceof suchpartson theairplaneaddsonly

theirownresistancesas separatelydetermined.On theother

hand,oneincludesin themo?.elall thosepartsof thefullsea.le

designwherepresencecausesmutualinterferencebetweenthern-*

L



sel~~esandotherpartsof themcdelandthereforeadds

+ fronthoseme~sure’1cnandmomentsw-hicharcdiffezsn.

4

forces

Separat~-ly. Besidestheprkclple‘p~.itsof t-heairglane,tke

wingo,body,tailgroup,andl~,~~i~g~~ry such??ar’tisarc ‘gine ~-...

cylind.ers,windshieldsor gumson fuselages,ra?iatousbctween

thewingsandnace.llcsor ccckpitson thewings.

By onittingtheminorpart~ of the ai ml.ancin tb.ewindtun-.

nelmodelandaddingto theforcescarldi~onentsof themodel

thoseof thesecroittcdpartsgcasur~df1~11SC21c and properly??+

duced,thescaleeffectsof suchpartsdica,ppearfromtheKodel

data. Thereremain,however,thescaiecorrectionson themajor

partsof theairplanewhicharcknowntobe large,particularly

for thewingsand &Jselage..Yxceptforcompensatingeffects,P
thene correctionsRwultirenderpretiictionof fullscaleperform-

k
antefrommodeltestsinatmospherictunnelsclifficult. Fortu-

nately,theaerodynamiccffectsof omittingthepropellerandof

makingthemodelsurfaceas smoothas possible,twofurtherde-

pa~~uzesflomgeometricsimiliLudebetweenmodelandfullscale

thataddconsiderablyto theaccuracynndeconomyof modeltests,

combineto c~nceltunesuzleeffectsof thenmjorparts. Experi-

mentonbothfullscz.leandmodel,thussimplified,has shown

th~tthemutualeffectof thepropellercmdfuselage,thoeffects

of theslipstream,thed.iffereiicein thesurfaceroughnessof

theairplaneand its~i~$u~”l and thescaleeffectsof thenajor

0 partsconsistentlydisappa’.rfromtheperformanceby nutualnul-

L lificationwhenthem@.elandfullflightperformancesarecom-
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pared. It is rarelythatanyii~dividualitemofperformance,

suchas landingspeed.,maximumspeed,climbor stability,isfound

tobe effectedb~rthesecozrccticnsbeyondtheprecisionof the

fullflighttests.

Inpractice,therefore,airplanewindtunnelmodelsfor

testsinatmGep>c~ic tunnelsareccaponedof themutuallyinter-

feringpartsexceptthepropeller,in theircorrect

sitionsbut trussedtogetherwithsubstitutestruts

on theforcesandmo-aentsof therestof themm.tel,

relativepo–

whoseeffects

calledthe

“remnant’!or ‘~res~duall’model~canbe Ceterriinedanddeducted.

In practicesuchstruisaremadeas simpleas possible,usually

theyareof 3/3211diametercylindricalbrasswire,crossbraced

.. alongthewindwhere

k
out referenceto the

effectis dete~ined

necessaryforrigidity,andlocatedwith-

desi~mstizztpositionsor attitudes.Their

fromtwo tests,onemadewiththemodel

fittedwithduplicateordmmnystruts~theothermadewithout

them. Thedummiesare

thepermanentones,at

el positionsas nearly

the”forcesandmcmen%s

spacedabouttendiametersto onesideof

thesamealtitudeto thewindand inmod-

simikr as possib’le,Thedifferencein

of thetwotestsis takenas thestrut

effect.Theforcesan~namcntfiof thesinglestruttestminus

thestruteffectgivestheforcesandmomentson theremnant

model.

Theforces
.

strutmodeland

L

andmomentsof thedo~~ble-st~tmodel,single- ..

theresidualmodel(Fig.1) aregivenin Columns
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1, 2 and4, respectively,of TableI. Columm3 givesthestrut

effectd

TwowaysareopenforObtainingtheforcesandmomentson

the completeairplaneat full scale frcmtheforcesandmoments.
on itsremnantmodel,andtheforcesandmomentsof thevarious

omittedpartsdetemninedseparately.Theforcesandmomentson

theremnantmodelmaybe sealedUp to fullscale VI according

to thesquareof thespeedandthesquareor cubeof thescale,

res~ectively,and thoseof theomittedpartsat thaitVz added,

or theforcesandmomentsof themnittedpartsmaybe scaled

downaccordingto thesquareof thespeedand thesquareor cube

of thesc~le,addedto thoseof theremnantmodeland thesumof

the forcesandmomentsscaledup to fullsoaleaccordingto the.
samelaw. Theformerisbettertheorysinceit ismoredirect

*
andavoidsuse of fictitioustialuesfortheforcesandmoqentsof

theomittedparts,but thelatterisbetterpracticesinceit

makesthemodel Vt thestandardforbothtestandperformance

oalculationjand thusavoidsa secondstandardVI at full

scalefromw-hic’hto computeperformance.Thelattermethod,how–

ever,hasthetheoreticalobjectionof using,at model VZ,

valuesfortheforces andmomentsof theomittedpartswhichdo

not obtainat that VZ. Thismethodis thestandardoneat the

NavyAerodynamicLaboratory.

In thecaseof theairplane

. ted.inthewindtunnelmodelhad

L

model(Fig.1),thepartsomit-

a totalresistancefullscale
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at 70 milesperhourof 44.6poundsand togetherwiththeirdis-

tributionintheverticalplane,thelineofaction1.69feet

belowthedesigncentroid.Thescaleof themodelis1/16.

Hencetheomittedpartsresistancereducedaccordingto thesquare

of thescale.cmdspeedto 1/16fullscaleandto 40milesper

hour,thestandardtestspeedis ()1)2 a2= *o=(44.6) (~, 70)

( )(J_pound% Thelineofactionon themodelis 16, 1.69!)= 1.27

inchesbelowthedesigncentroid

aboutwhichthepitchingmoments

resistanceof theomittedPartsy

pitchingmomentaboutthisaxis,

and5.96inchesabovetheaxis

on themodelweremeasured.The

therefore,,exertsa positive

whichis (5.96)(.058)= +.346

pound-inch.Thesevaluesforthe omittedpartsresistanceand

pitchingmomentare enteredin column5. Finally,column6,un-

der theheadinglJGompletefullscalecraftat modelV1’fcontains

theforcesandmomentsaboutthepitchingmomentaxisof the

remnantmodelplusthoseof theomittedparts,reduced.When

thesevaluesof forceandmoment,thelatternowreferredtothe

designcentroid,aresealedup to fullflightV1 accordingto

the squareof thespeedand thesquareor cubeof thescale;the

forcesandmomentsof theairplanemodel(Fig.1) areobtainedi

In suchengineeringtestson airplanemodels;as thison

model,Figure1, no correctionisma~eto theyawingmomentsfor

struteffector foromittedparts. Theassumptionthattheyaw-

ingmowents,for smallanglesof yaw,areunaffectedby anykind

of pureresistancemembers,sucha= striztsor trusswireswhich

areplacedsymmetricallyon eithersideof themdel planeof
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symnetry,hasbeenconsideredas justified,particularlysince

theonlyyawingmonentdatathatrequireshighaccuracyis that

nearzeroyaw. Similarlypureresistanceparts,whichexert

onlydragforces,cannotentertherollingmomentwhoseaxisis

alongthewind,andcanenterrollingmomentswhoseaxesare

pitchedto thewindonlyto theorderof thesineof theangle

of pitch-timesthedragmomentarisingfromtheasymmetryof

flowpasttheseparts~zusedby theailerons.Thisisa second

ordereffectand thcrefovenegligible.Bothrollingandyawing

moments,as measuredon thenod.elwithroundstruts,arethere-

foreconsideredvali~as rollingandyawingmomentson thefull

scaledesignwhensc?aledup accordingto thesquareof the

speedandthecubeof thescale.
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TABLE1. .

PreliminaryTcstsmnAirplaneModel,DesignNo. 43,Figure1.

1 ‘2 3
Anglc

Remnantmodel Remnantmodel Struteffe~t
of + doublestruts + singlestru$s (faizcd). .———

L* D** M*** L ~L’ M L ‘u.’”’M
attack

——-10°
:!’
-6
-5
-4
-3
-2
- ‘1

:
4
6
8
10
12
14
16
18
20
22
24

-.983 .466+2.241 -.969 .385+1.610+.512.081+.G22
-.419. .380+2.333 -.431 .294+1.732+.012.079-1-s600
–.155 .366+2.48~ -.167 .280+1.864+.C12.079+.5S0 -
+.137 .34Q+2.559 +,125 .263+1..958+,010.078-I-.582.
+.’407.344+2.532 +.377 .257+2.065+.P39.07’7-f-.574
+.668 .338+2.7.20+.647 .255+2.137+iG05.0’77+.5S5
+.913 .332+2.6’15+,9?.3.256-1-~.~14O .076+.558
+1.1~().333+%.6C8+“1.lS3.265+2.G92-.008.0’?5+.551
+1.425 .333+2.4”?1+1,442 .271+1.955-.015.075+,547
+1.666 .3.43+2,305+1.714 .283+1,804-.C22.(274+.542
+2.201 .3S7-i-i.502+2.243 .321+1,380-.036,C72+.537
+2.704 .444+l>3G4+2.’?6$337: +1.712-.052.G71+.533
+3.221 .505+ .351+3.26G - .193-.065.G70+.531
+3.=2 .593- .715+3.860 .;24-lr2’42-.078.G68+.529
+4.263 .697-1.923+4.239 .633_2.4s6–.093.067+.527
+4.619 .827-3.1?5+4.701 .774--3”730–.107.065+.526
+5.014 .982-4.,4:1.5+5.152 .916-4.974-.121.054 +.525
+5.3491.3.24-5.a.34+5-5W 1=0S1-6~340-.136cG~3+“525.
+5.6201.299-7.2.59+5.7CG1=247.-7*778–s152●061+0525
+4.8411.814-.4.533+4.9761.767-5.294-.164.060+.525
-I-4.7262.004-4.906-4.9401.976-5.666.-*178.059+=525
+4.7552.194-5.037+5.0202.211-6.038-s193.058+s525

* Liftinpounds.
** Draginpounds.
***Pitchingmomentin’pound-ii~chesabouttestaxis.
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TABLEI (Cent.)

PreliminaryTestsGnAi~plancMoa.cl,DesignNo,43,Figure1, “

Angle 4 5 6 .—

Remrmntmodel Omitteiiparts Completefuil-sea?.e
of atmodel VZ craftat model VI

-10°
-8
-7.
–6
-5
-4

::
-1
0

:
6
8
10
12
14
16
18
20
22
24

-..981;304
–*443

+988
.215+1.132

–● 179 .201+1.274
+.115 .185+1.377
+.369 .180+1.491
+.642 .:178+1.572
+..913.180+1.!556
+1.201 .190+i.54L
+1.457 .196+1.43s
+1.736 .209+1.262
+2..279.249+ .843
+2.820 .302+ .179
+3.325 .360- .7i.4
+3.938 .455–1.7’71
+4.332 .566-3.013
+4.808 .709-4.256
+5.2’73.852–5.499
+5:6441.018-6.%35
+5.9121,186–8.303
+5.1401.707-5.819
+5.1181.917-6.191
+5.2132.153-6.563

.058

.058

.058

.659.

.053

.058
● ~~~
.C&w
.G58
sG5a
,G53
.Q=
●C’58
.Cs
.c513
●c&l
.053
>058
.c%
.C58
.058
.058

-I-.346
+.31-6
+.346
+.346
+.346
+.346
+,~fli~
+.3L6
+.346
+.34.6
+.346
+.346
+.345
+.346
+.346
+.3’4s
+.343
+.3-46
+.34.5
+.346
+.346
+.346

_e~~l

–.44!3
-.1.79
+.1.15
+F3S9
+.642
+.s13
-i-l.2tol
+1.457
+1.736
“+2*Z79
+2.820
+3.525
+3.938
+4.332
+4.EO!3
+5..273
+5.644
+5.912
+5.140
+5.2.18
+5.213

.352 +l;334

.2’?:5+1.478
*259 +1.620
,243 +1,723
.238 +1.837
.235 +1,918
.233 +1.~02
.248 +1.887
.254 +1.754
.337 +1.,608
.307 +1.189
.360 + .525 .
.418 - .368
● 514 -1.425
.624 -2.667
.767 -3.9143
.910 -5.153
1.076 -6.519
3..244-7.957
1.765 -5.473
1.975 -5.845
2.211 -6.217

* Liftinpounds.
** Draginpounds.
***Pitchingmomentinpour.d-inchesabouttestaxis,
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